Rationale: Early antibiotics improve outcomes for patients with sepsis. Factors influencing antibiotic timing in emergency department (ED) sepsis remain unclear.
Sepsis is a common and costly condition encountered by prehospital and emergency department (ED) clinicians (1) . Defined as organ dysfunction resulting from a dysregulated host response to infection (2) , the sepsis syndrome accounts for at least 800,000 ED visits and 1.7 million hospitalizations, with 16% mortality and $24 billion in costs in the United States annually (3) (4) (5) (6) . Prompt sepsis case identification followed by aggressive management promotes optimal patient outcomes (7, 8) . In particular, early antibiotic initiation appears to reduce sepsis mortality and progression to septic shock (9) (10) (11) (12) (13) .
Less than half of patients with sepsis that is present on arrival to the ED currently receive antibiotics within 1 hour, the goal recommended by international guidelines from the Surviving Sepsis Campaign (14) (15) (16) . Prior studies demonstrated that arriving to the ED via ambulance decreased door-toantibiotic time but did not distinguish advanced life support (ALS) provided by paramedics from basic life support (BLS) provided by emergency medical technicians (15, 17, 18) . Factors likely to influence ED assessment and management of sepsis differ among patients who receive no prehospital care, BLS care, or ALS care, but just one of the three previous studies reported results after adjustment for these potentially confounding factors (18) .
Improved knowledge of factors that support or impede prompt antibiotic initiation for sepsis will aid creation of highly reliable sepsis care systems. Integrating prehospital and hospital sepsis care could also speed sepsis diagnosis and treatment. To help clarify whether and how care from emergency medical services (EMS) might influence door-to-antibiotic time for patients with sepsis, we therefore investigated the association between the level of prehospital care and door-toantibiotic time for ED patients with fluidrefractory sepsis or septic shock.
Methods Study Design and Setting
We performed a retrospective cohort study of patients admitted to the ED of a university-affiliated county hospital. The region is served by a two-tier system of prehospital emergency care. Emergency medical technicians employed by regional fire departments or private ambulance services and trained in BLS provide initial response to 911 emergency calls. Paramedics trained in ALS provide second-tier response and are assigned calls following protocols and assessments by emergency medical dispatchers and first-tier responders. Example criteria for ALS dispatch include respiratory distress and altered level of consciousness. Dispatch of BLS and ALS providers may occur sequentially (BLS providers request ALS backup) or concurrently (central dispatch of both BLS and ALS simultaneously). In this system, therefore, ALS providers participate in approximately 20% to 25% of all ambulance calls and usually have the assistance of BLS providers (19) . On arrival to the study ED, patients arriving without prehospital care and some BLS-transported patients are evaluated by a triage nurse and then placed into a treatment area. BLS-transported patients for whom the ED received advance communication about clinical instability and ALS-transported patients undergo their initial evaluation in an ED treatment area with bedside handoff from the prehospital to the ED team. The University of Washington Institutional Review Board approved this study and approved waiver of informed consent.
Study Population
Details of the patient cohort have been previously described (14) . Briefly, eligible patients were 18 years of age or older and exhibited fluid-refractory sepsis or septic shock in the ED leading to activation of the study hospital's sepsis alert protocol. Activation criteria for the protocol-which entails bedside consultation by an intensive care physician and nurse-included suspected infection plus hypotension (mean arterial pressure , 65 mm Hg, systolic blood pressure , 90 mm Hg) and/or hypoperfusion (lactate . 4 mmol/L) despite fluid resuscitation with greater than or equal to 30 ml/kg of crystalloid. ED physicians could also activate a sepsis alert on the basis of clinical judgment. Patients receiving antibiotics before arrival or transferred from another acute care facility were excluded. Patients who did not receive antibiotics in the ED-and who therefore may not have exhibited sufficient signs of infection to prompt the ED clinician to start antibiotics-or who were missing data necessary for multivariable analysis (n = 6) were also excluded.
Data Abstraction
Electronic data on antibiotic initiation, laboratory results, patient demographics, and discharge data were linked to prehospital and hospital clinical data abstracted by trained nurses and physicians. Door-to-antibiotic times were manually verified if missing, more than 6 hours after ED arrival, more than 90 minutes after sepsis protocol activation, or before ED arrival. Reabstraction of 6% of records (randomly selected) demonstrated perfect agreement for antibiotic times and near-perfect agreement for classification of the reason for hospital admission (k, 0.91; 95% confidence interval [CI], 0.80-1.00).
Exposure and Outcome Measures
The primary outcome was door-to-antibiotic time, defined as the elapsed time between ED arrival and initiation (administration) of an eligible antimicrobial agent (14) . Each patient's prehospital care level was categorized as none (e.g., walk-in or arrival via personal vehicle), BLS, or ALS. For patients receiving prehospital care from both BLS and ALS providers, the highest level of care was assigned. Prehospital air medical transport was considered a form of ALS care. The Charlson Comorbidity Index, Sequential Organ Failure Assessment (SOFA) score, and Mortality in Emergency Department Sepsis (MEDS) score were calculated as previously described (20) (21) (22) . Systolic blood pressure less than 90 mm Hg or mean arterial pressure less than 65 mm Hg before or at the time of ED arrival defined presenting hypotension. Because of a bimodal distribution and consistent with the full validated Quick SOFA model (23) , patients' first-recorded Glasgow Coma Score was categorized as normal (14) (15) (26) . A secondary analysis compared door-to-antibiotic time for patients arriving from long-term care and nursing facilities via BLS versus ALS ambulance. Adjustment variables were specified a priori on the basis of a plausible or reported confounding relationship between mode of ED arrival and ED care processes and included nighttime ED arrival, illness severity as measured by the MEDS score, source of infection, Hispanic ethnicity or non-white race, age, Charlson Comorbidity Index, first-available Glasgow Coma Score, firstavailable systolic blood pressure, and firstavailable respiratory rate.
In a secondary analysis, we used multivariable logistic regression to evaluate whether in-hospital mortality differed between levels of prehospital care after adjustment for the MEDS score, age, Charlson score, source of infection, and initial SOFA score. To explore potential mechanisms of EMS care on door-toantibiotic time, we used multivariable regression (adjusted as in the primary analysis) to investigate whether prehospital intravenous access or prehospital versus ED endotracheal intubation influenced door-to-antibiotic care for ALS-treated patients, compared the door-to-antibiotic time within each level of prehospital care between patients who did versus did not have a resident physician participate in their ED care and assessed the relationship between prehospital care levels and 1) the elapsed time to other ED care events (e.g., blood draw), and 2) the likelihood that triage evaluations reflected a diagnosis or suspicion of sepsis or infection (see Table  E1 in the online supplement). Finally, in a post hoc analysis intended to clarify whether illness severity (i.e., indication bias) drove the observed association between prehospital care and antibiotic timing, we repeated the primary analysis after including To evaluate the robustness of our findings, we repeated the primary analysis using either stabilized inverse probability of treatment weighting on the basis of a propensity score (27, 28) or adjustment using the propensity score and MEDS score (29) . Detailed methods for the propensitybased analyses are described in the online supplement.
We performed analyses in Stata version 14.2 (StataCorp LP) and R (R Foundation) and considered a P value (adjusted as appropriate for multiple comparisons using the Tukey-Kramer method) significant if less than 0.05.
Results
Of 481 eligible sepsis alert patients, 361 community-dwelling individuals had complete data and were included in the primary analysis; another 114 patients brought to the ED from long-term care facilities were analyzed separately ( Figure  E2 ). Among community-dwelling patients, 101 (28%) did not receive prehospital care, 111 (31%) received BLS-only care, and 149 (41%) received ALS care. Illness severity, organ failure severity (as measured by the SOFA score), shock prevalence, lactate levels, and unadjusted mortality increased as prehospital level of care increased (Table 1) .
Essentially all patients with sepsis brought to the ED from long-term care facilities arrived by ambulance, and 69 (61%) received ALS care (Table E4) . One patient with sepsis residing in a long-term care facility was brought to the ED by private vehicle and was excluded from further analysis.
Median unadjusted door-to-antibiotic time was 118 (interquartile range Compared with no prehospital care, adjusted door-to-antibiotic times were faster for community-dwelling patients with sepsis who received ALS (243 min; 95% CI, 284 to 22 min; P = 0.033) but not BLS-only prehospital care (24 min; 95% CI, 241 to 134 min; P = 0.97; Table 2 ). ALS-treated patients also received antibiotics faster (239 min; 95% CI, 278 to 21; P = 0.046) than BLS-only patients (Figure 1 ). The sensitivity analyses using propensity score-based inverse probability of treatment weighting and propensity score adjustment yielded similar results (Tables E5 and E6 ). Among patients with sepsis residing in long-term care facilities, adjusted door-to-antibiotic times were shorter with ALS versus BLSonly prehospital care (244 min; 95% CI, 285 to 24; P = 0.030).
Community-dwelling patients with sepsis treated by ALS providers were more likely to receive antibiotics within 3 hours of ED arrival (91%) than both walkin patients (62%; adjusted odds ratio [aOR], 3.11; 95% CI, 1.20-8.03; P = 0.015) and BLStreated patients (56%; aOR, 4.51; 95% CI, 1.80-11.35; P , 0.001). BLS prehospital treatment, by contrast, was not significantly associated with the odds of antibiotic initiation within 3 hours compared with no prehospital care (aOR, 0.69; 95% CI, 0.33-1.44; P = 0.46).
Hospital mortality was 18.6% (n = 88) in the overall cohort, with lower mortality among patients who did not receive prehospital care (9.9% vs. 20.9%; P = 0.012). Unadjusted mortality was similar when comparing BLS-treated to ALS-treated patients (19.4% vs. 22.0%). After adjustment, however, prehospital care level was not associated with in-hospital mortality either in the overall cohort or when patients with sepsis residing in the community and at long-term care facilities were analyzed separately (Table 3 ).
In the exploratory analyses investigating potential mechanisms for the observed differences in door-to-antibiotic time, the likelihood of a triage diagnosis suggestive of sepsis or infection decreased as prehospital care level increased (P = 0.019; Table 4 ). Among ALS-treated patients residing in the community, door-toantibiotic times did not differ if an intravenous catheter was placed before ED arrival (212 min; 95% CI, 268 to 144 min; P = 0.82). Similarly, among the 86 ALStreated community-dwelling patients intubated by the end of their ED stay, prehospital endotracheal intubation was not associated with faster adjusted door-toantibiotic times than ED intubation (21 min; 95% CI, 224 to 126; P = 0.94). By contrast, the median times from ED arrival to laboratory draw, blood culture collection, and activation of the sepsis alert were shorter in ALS-treated patients compared with BLS-treated and walk-in patients (Table 4 ). When patients within each level of prehospital care were compared based on whether a resident physician was involved in their ED care, resident involvement was 
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associated with shorter door-to-antibiotic time for BLS-treated patients but not walkin or ALS-treated patients (Table 4) . In a post hoc exploratory analysis to determine whether the association of antibiotic timing and prehospital care level differed depending on the presence of hypotension by ED arrival, the adjusted differences in door-to-antibiotic time for ambulance-treated versus walk-in patients without hypotension by ED arrival were similar in magnitude to the primary analysis but not statistically significant (ALS: 246 min; 95% CI, 2110 to 119 min; BLS alone: 210 min; 95% CI, 264 to 143 min; Table  E7 ). By contrast, if hypotension was present by ED arrival, ALS versus walk-in patient antibiotic times were similar (14 min; 95% CI, 239 to 148 min), but BLS-only patients had a trend toward longer door-toantibiotic times (142 min; 95% CI, 23 to 188; Table E8 ). In the parallel analysis using an interaction term, door-to-antibiotic times for BLS-only and walk-in patients without hypotension were significantly longer than ALS-treated patients without hypotension and were also significantly longer than patients with the same prehospital level of care who were hypotensive ( Figure 2 and Table E9 ). When hypotension was present, however, prehospital level of care was not significantly associated with door-to-antibiotic time.
Discussion
Among ED patients with fluid-refractory sepsis and septic shock, we found that patients receiving ALS but not BLS prehospital care received antibiotics more quickly than patients who did not receive prehospital care. Furthermore, ALS prehospital care was associated with significantly shorter door-to-antibiotic times compared with BLS-only prehospital care among patients with sepsis residing both in the community and at long-term care facilities. Although ED arrival diagnoses suggestive of sepsis or infection were actually less commonly recorded for ALS-treated patients, ALS prehospital care was associated with a faster diagnostic evaluation and sepsis alert activation.
Our findings confirm and extend the results of prior studies (15, 17, 18) . EMStreated patients received antibiotics 33 to 36 minutes earlier than walk-in patients in unadjusted analyses, but only one study found a significant association with prehospital care after adjustment for confounding. Furthermore, none of the three prior studies distinguished between levels of prehospital care or accounted for the close linkage demonstrated in our data between origin (home vs. long-term care facility), prehospital care, illness severity, and door-to-antibiotic time. By contrast, we found that the association of door-toantibiotic time and prehospital care remained significant after thoroughly accounting for severity of illness, place of origin, comorbidities, and other potential confounders.
Our data can also help explain how ALS but not BLS-only care may influence ED door-to-antibiotic time. Prehospital intravenous placement and endotracheal intubation were not associated with shorter door-to-antibiotic time, suggesting faster antibiotics were not the result of ALS care reducing the workload for ED staff. The fact that ALS care was not associated with more ED triage diagnoses suggestive of sepsis or Recent large, well-designed observational studies support the benefit of early initiation of appropriate antibiotics for patients with sepsis. Among the four largest studies, the odds that patients with sepsis would die increased by 4% to 12% for each 1-hour delay in antibiotics (11) (12) (13) 30) . International guidelines therefore recommend antibiotic initiation within 1 hour, a challenging goal (16) . Our results point to potential opportunities to improve sepsis outcomes by 1) increasing the proportion of patients with sepsis who receive ALS rather than BLS prehospital care, 2) better integrating ED and prehospital sepsis care through prehospital notification and potentially prehospital treatment (31) , and 3) redesigning early ED patient assessment to ensure brisk patient evaluation for patients at risk of sepsis regardless of the presence or level of prehospital care, perhaps using team-based ED immediate response protocols akin to those common for stroke, myocardial infarction, and trauma. Optimization of prehospital triage and recognition may require improved education for prehospital clinicians (32, 33) and public awareness campaigns for the general public (34) . Integrating sepsis prediction tools using data routinely collected into the prehospital medical record could facilitate ALS triage, prehospital notification of the receiving ED, and expedited assessment in the ED, but tools available to date lack validation and likely have inadequate positive predictive value for routine use (35) . Our study's major limitations relate to confounding by indication (36) . Although the magnitude of the observed associations, robustness to comprehensive confounder adjustment, statistical adjustment for multiple comparisons, stability across methods of statistical analysis, and results of the stratified analysis are reassuring, we cannot completely exclude the possibility that the observed association reflects the impact of illness severity rather than prehospital care level on ED antibiotic initiation behaviors. More generally, residual confounding remains possible in our observational analysis. Instrumental variable methods can mitigate concerns about indication bias in research on 
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prehospital care (37, 38) but would require combining data from multiple EDs or regions with varying rates of ALS prehospital care (not available for our single-center study) with granular prehospital and ED care process data (difficult to obtain in large multicenter datasets) and might in any case be difficult to adapt to our analysis including three rather than two levels of prehospital care.
Other limitations include the fact that, although this study was neither designed nor powered to assess this outcome, we did not observe an association between risk-adjusted mortality and the level of prehospital care. Our study was restricted to patients for whom the study hospital's sepsis alert protocol was activated, so we cannot be certain whether prehospital care influences sepsis care similarly for patients who had less severe sepsis, in whom ED caregivers failed to recognize sepsis, or for whom the ED team failed to activate the ED sepsis protocol. We were not able to evaluate if ED treatment areas, care intervals preceding room assignment, or fluid resuscitation practices varied across prehospital care levels. It is possible that paramedics diagnosed sepsis but were unable to help ED providers reach the same diagnosis more quickly, but we believe this is unlikely in an ED where physicians and nurses enjoy a close working relationship with ALS providers and value their expertise. Triage diagnosis data were similarly detailed across levels of prehospital care, but it is possible that accelerated ED assessment prompted by ALS prehospital care may reduce the effort nurses spend recording triage diagnoses or complaints suggestive of infection and sepsis despite recognizing these factors clinically. Finally, although our findings are consistent with those from other university hospitals (15, 17, 18) , it is possible that our results would not generalize to other ED types, to settings without a tiered system of prehospital care, or to EMS systems where a larger fraction of ambulance-transported patients receive ALS care.
Prehospital care by ALS but not BLS providers was associated with decreased door-to-antibiotic times for ED patients with sepsis who did not have hypotension present on ED arrival. Our findings suggest possible opportunities to optimize ED care processes to aid delivery of high-quality sepsis care in the ED. n Author disclosures are available with the text of this article at www.atsjournals.org.
